Abstract. High-spectral resolution polarisation measurements of the clear daylight sky reveal an unexpected rich spectral fine-structure in the polarisation superimposed on the more familiar broad-band continuum. This polarisation spectrum shows the spectral fingerprints of scattering and absorption processes which is illustrated with radiative transfer calculations. In particular, radiative transfer calculations suggest the potential of high-spectral resolution polarimetry within absorption bands for remote sensing of aerosol vertical distribution, which is relevant to the Earth's radiation budget and ozone hole chemistry. In addition, the presence of spectral fine-structure in the polarisation of skylight also has relevance to radiance measurements performed with polarisation sensitive spectrometers, such as the space-based GOME instrument. change in the polarisation at 761 nm, corresponding to a molecular absorption band of oxygen, was observed. It was proposed by $tammes et at. [1994] that increasing oxygen absorption favours scattering of sunlight at higher altitudes in the atmosphere, and that this results in a change of the polarisation with wavelength reflecting the variation of scatterers with altitude. The studies by $tammes et at. and Preusker et at. were, however, limited to the wavelength region from 650 to 850 nm. In the present work we extended the wavelength region to the visible and ultra-violet to cover the range from 300 to 800 nm. As a result, much more spectral structure was observed which coincides with solar Fraunhofer lines and molecular absorption bands of ozone (O3), oxygen (O2) and water vapour (H2 O).
Introduction
Traditionally, polarisation observations of the daylight sky are being performed using broad-band spectral filters [Coutson, 1988] . The so measured polarisation is explained by scattering by air molecules [Rayteigh, 1871; Chandrasekhar, 1950] , aerosol scattering [Coutson, 1988] , and surface reflection [Chandrasekhar, 1950] .
Hence, it has been commonly assumed that the skylight polarisation exhibits pure broad-band spectral behaviour in contrast with the spectrally rich radiance spectra. However, in 1970 Lenoble predicted [Lenobte, 1970] that for diffusely reflected radiation in a homogeneous Rayleigh atmosphere, the polarisation in absorption bands should be higher due to enhanced single scattering compared to the polarisation outside the absorption band. Recently, a few polarisation measurements of diffusely transmitted radiation were reported 
Experimental
The polarisation measurements have been performed with the ground-based Global Ozone Monitoring Experiment Bread Board Model (GOME BBM). The GOME BBM is a four-channel grating spectrometer covering the ultra-violet (UV), visible (VIS) and near-infrared (NIR) wavelength range (240-790 nm), with a 0.17-0.33 nm spectral resolution, equivalent to GOME on board the ERS-2 satellite [ESA, 1995] . Each channel has a 1024-diode array detector which is cooled to 236 K to reduce detector noise. Due to the strong UV absorption by O3 in the Earth's atmosphere the ground-based measurements are limited at the short-wavelength end to 305 nm. The polarisation is determined through relative measurements; therefore no radiometric calibration of the GOME BBM is needed. Radiometric and spectral stability is achieved by operating the GOME BBM in vacuum and stabilising the optical bench temperature. Atmospheric radiation collimated by a lens, passes through a rotatable Glan-Thompson polariser, and is.focused onto a fibre bundle. The resulting fieldof-view is approximately 2 ø . The fibre bundle transports the light to the spectrometer while scrambling the polarisation of the light, thereby eliminating the influence of the polarisation sensitivity of the spectrometer on the polarisation measurements. Atmospheric radiation measurements can be performed for any part of the sky as the optics and fibre bundle are fed into a remote control telescope mount. All observations presented here have been obtained on April, 7, 1997, which was a cloud-free day. The polarisation of the zenith sky was measured in the morning for three different solar zenith angles (SZAs) and is shown in Figure 1 . The polarisation measured in zenith decreases with rising sun, which is consistent with the angular behaviour of polarisation by Rayleigh scattering, having its maximum at 90øscattering angle. The spectral appearance of the polarisation is similar for different S ZA. All curves show a wealth of spectral fine-structure, particularly in the UV and the NIR. In the following, we will present a qualitative discussion of the observed spectral behaviour of the polarisation on the basis of radiative transfer calculations presented in Figure 2 for a pure molecular atmosphere and an atmosphere with aerosol added, for two wavelengthindependent surface albedos, namely a black surface (As -0.0) and a highly reflecting surface (As -0.4). The calculations in Figure 2 illustrate the various radiative transfer processes causing, respectively, the broad-band and narrow-band spectral features in the polarisation. At wavelengths near 300 nm, the radiation arises predominantly from single scattering because of the strong 03 absorption, resulting in a high degree of polarisation. With increasing wavelength, the polarisation drops because 03 absorption decreases and multiple scattering becomes more important. Beyond A •-320 nm a smoothly increasing polarisation is apparent which is due to the wavelength dependence of the Rayleigh scattering optical thickness. In the hypothetical case of a pure molecular atmosphere without any reflection from the surface (As -0.0), the polarisation will tend to its single scattering value near the long wavelength end of the spectrum. The addition of aerosols to the atmosphere model reduces the polarisation across the entire spectrum (Fig. 2) , but most pronounced at longer wavelengths, which agrees with our observations. Model calculations further show that a high surface albedo leads to depolarisation of sky-light [Chandrasekhar, 1950] . Therefore, we attribute the sharp decrease in polarisation observed above 700 nm (Fig. 1) 
Conclusions and implications
Here for the first time spectral fine-structure in the polarisation of skylight from the ultra-violet to the near-infrared has been presented. This spectral finestructure is due to two different processes: (1) Atmospheric gas absorption, especially by O2 and H20. This process is most clear in the visible and near-IR, but also in the UV (03). ( In addition, we want to point out the implications of our findings for interpretation of radiance measurements by the space-based GONE spectrometer. GONE is a polarisation sensitive spectrometer measuring the solar radiation backscattered by the Earth's atmosphere with high-spectral resolution. It measures the polarisation of the incoming light with three broad-band polarisation filters to account for the instrument polarisation sensitivity. However, since the spectral resolution of the polarisation measurements is much lower than the spectral resolution of the radiance measurements, polarisation spectral fine-structure, as observed in the present work, is thereby neglected. Consequently, errors are introduced in the absolute radiances of the solar Fraunhofer lines and strong molecular absorption bands. This should be realised for interpretation of these and future spectroscopic measurements.
